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Becoming a Theoretical Physicist

I’m a post-doctoral researcher in the Theory and Astrophysics groups

I study the connections between particle physics and cosmology

Theory tools: pen and paper, computer programming 
1) Undergrad in 

physics and math

2) Grad school in 
particle physics

3) Postdoc 
research

4) Postdoc 
research at FNAL

Typical career path 
for a theorist

Try summer research!



Why Particle Physics and Cosmology?

We get to think about BIG questions like

● What are the fundamental ingredients of our universe?

● What was the early universe like?

● How do we use laboratory and astro observations to learn about these? 

Atoms Constituents of 
atoms CERN Gift Shop

100 years of science!



Missing Mass in the Universe?

What are the fundamental ingredients of our universe?

Familiar matter

Stars Moving Around a Galaxy

???



Particle Physics vs Dark Matter

No satisfactory particle in the 
Standard Model:

Need something new!

Are there any interactions with Standard 
Model Particles?

Wikipedia



How Was Dark Matter Produced?

Need to make a hypothesis, for example

Lots of energetic electrons in the hot, dense soup of the early universe

Dark Matter can be produced from 
collisions of familiar particles!



Searching for Dark Matter at Accelerators

Calculations of processes in the early universe inform us what experiments we 
need to test a given model

Theorist cartoon of an experiment

Electron
beam

Target

Detector

Same interactions as in early universe 
produce Dark Matter in beam-target 

collisions!

LDMX

Realistic design by exp.
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Becoming a Detector Physicist

I’m a postdoctoral fellow in the Particle Physics Division, and part of the 
Cosmic Physics Center

I have undergrad degrees in Astrophysics & Engineering Physics

I got my PhD from Stanford designing detectors for Dark Matter searches



Types of DM Search Techniques



There are Many Experiments, Even Just at Fermilab!



Detecting Small Energy Deposits



Heat Detectors

● In any recoil event, all energy is 
eventually converted to heat

● Heat is also produced when 
charges are drifted in an electric 
field; makes sense by energy 
conservation alone

● Total heat is initial recoil energy 
energy produced by drifting 
charge, as shown at right.

● Heat can be collected in sensitive 
‘thermometers’ made with 
superconducting sensors!

State of the Art:



Cryogenic Sensors



NEXUS: Cryogenic Detector Test Facility

● 100m underground (right 
next to SENSEI)

● Base temperature of 10 mK

● Internal and external lead 
shielding

● Capable of running a wide 
variety of superconducting 
sensor technologies, 
including qubits


